Abstract Most research on steppe bird habitat selection has been focused on the effects of management regimes or vegetation structure. However, much less is known on how plant composition is related with steppe bird occurrence. We investigated microhabitat of little bustard territorial males and females during the nesting and chick-rearing season in areas with dominance of pastureland focusing on plant composition. We searched for relationships between preferred vegetation and arthropod abundance in order to identify the contribution of different vegetation typologies in providing essential trophic resources for the species. Surveys of little bustards were made using car and foot transects. Plant composition was obtained within a 50 9 50 cm square at four sampling replicates and arthropod availability was sampled using a sweep net. Statistical procedures were conducted in three steps: (1) analysis of variance was used to identify at univariate level the plant composition and arthropod variables that were significantly related with both male and female occurrence sites; (2) principal components analysis was performed using the variables with significant results at univariate level; (3) model averaging on generalized linear and mixed models was applied to evaluate the selection probability of each principal component. The species occurs in sites with high floristic richness and high abundance of Fabaceae species, although plant composition differs from male to female sites. These variables were found to be crucial to provide higher abundances of arthropods, notably of Acrididea, Formicidae and some groups of Coleoptera which are decisive for the selection of displaying or female breeding sites.
Introduction
Traditionally, most research on the steppe bird habitat selection has been focused on the effects of management regimes (Brotons et al. 2003; Lane et al. 2001; Morales et al. 2005) or vegetation structure (physiognomy; García et al. 2006; Morales et al. 2008; Silva et al. 2007 ). These variables were recognized as crucial factors not only for the distribution of steppe birds but also from a synecological or community level point of view (e.g. Morales et al. 2008) .
However, much less is known on how plant composition is related with steppe bird occurrence or abundance (see for instance, Serrano and Astrain 2005) . Furthermore, there is little information on how vegetation composition direct and indirectly contributes to provide resources, in particular arthropod abundance, which was found to be a crucial resource during the nesting period (García and Arroyo 2005; Jiguet 2002; Rocha et al. 2005) and is known to be influenced by plant species composition (Koricheva et al. 2000; Predini et al. 1996) .
Mediterranean dry grasslands present highly rich and diverse plant communities. These high levels of plant diversity are likely to result from traditional cultivation and livestock management that historically dominated Mediterranean agricultural landscapes, contributing to the present importance of Iberian steppe bird populations at global scale (Suárez et al. 1997 ). However, recent crop and grazing intensification have threatened these grassland habitats resulting in habitat fragmentation, introduction of non-native species and changes in the composition of existing plant communities (see Groves and Di Castri 1991, for an extensive discussion on this subject), which reinforces the need for studies combining the ecological and habitat management perspectives.
In Iberian dry grasslands, one of the steppe birds more clearly affected by these intensification-driven processes is the little bustard (De Juana 2009), a Paleartic species classified as ''SPEC 2'' at European level (Birdlife International 2004) and ''Near Threatened'' at global scale (IUCN 2011) . The little bustard is a sexually dimorphic species that breeds in exploded leks . Ecological segregation associated with sex and based on vegetation structure was described by Morales et al. (2008) in cultivated landscapes, although plant composition at occurrence sites, which might be closely associated to habitat management, was not taken into account.
In this study we investigate microhabitat of territorial males and females during the nesting and chick-rearing season in areas dominated by pastureland. Our first hypothesis is that habitat segregation associated with sex also occurs in pastureland habitats and it is partly based on plant composition. We discuss potential resource control by males in terms of vegetation and arthropod assemblage at occurrence sites. Secondly, we explore the potential relationships between preferred vegetation composition and arthropod abundance in order to identify the contribution of different vegetation typologies in the provision of essential trophic resources for the species and particularly growing juveniles. More specifically, we aimed to identify the plant species that can be most valuable for pasture improvement and those who should be avoided in such management actions. Lastly, we discuss the implications of results on how Mediterranean extensive pastures should be managed in order to maintain their suitability as breeding habitat for little bustards and other steppe birds.
Materials and methods

Study area
The study area is located in the SW of Portugal (38°29 0 N, 8°20 0 W, 137m a.s.l.) in the Mesomediterranean and Termomediterranean biogeographic regions (Rivas-Martínez et al. 2004 ). The area is included in the NATURA 2000 national list of sites (Site of Community Importance of Cabrela, hereafter SCI of Cabrela) and in the European list of Important Bird Areas (Cabrela IBA; Costa et al. 2003) . Climate shows both ocean and continental influences, shifting from sub-humid to dry. Average annual temperatures vary from 15.6 to 16.3°C and annual rainfall between 574 and 708 mm (SNIRH 2007) . The study area is part of a mosaic landscape dominated by cork/holm oak (Quercus suber/Q. rotundifolia) forested areas, grasslands and river valleys. Soils are mostly acidic and with diverse levels of fertility (IA 1980; IDRhA 1982) .
The study area has a surface of 6,983 ha, corresponding to six patches of grassland habitat and equivalent to 55-65 % of the SCI/IBA of Cabrela grassland area, which is ca. 11-12 % of total area of SCI/IBA of Cabrela (Fig. 1) . The most important land uses are livestock grazing (mostly cattle) and extensive cereal crops. Pastures occupy ca. 40-50 % of the area (55-65 % considering pastures growing in the understory of sparsely forested areas), whereas irrigated lands occupy less than 5 % of total surface. Other land uses include cereal fields (10-25 %), improved pastures (5 %), dense forests (5 %) and shrublands (5 %).
Field techniques
Surveys of little bustard territorial males were conducted twice during the month of May of 2003 and . This period was selected because previous studies conducted in the area Fig. 1 Geographical location of the study site and of the surveyed grassland patches Biodivers Conserv (2012 Conserv ( ) 21:2109 Conserv ( -2125 Conserv ( 2111 have shown that male breeding numbers are highest at this time (Faria and Rabaça 2004) . For the purpose of this study we only used data from the second visits (19-25 of May of  2003 and 17-24 of May of 2004) , which corresponded to the peak o male displaying activity. The land surface covered in each period was 4,041 ha in the first year and 4,653 ha in the second. The difference in the surface sampled between years was related mostly to logistic constraints in the access to private property in the first year, which were overcome in the second year, allowing covering a larger extent of grassland. Spatial distribution of males was assessed using the methodology adopted by Leitão and Costa (2001) and Wolff et al. (2001) . Since little bustard densities are very low in the study area, we used surveys on 4 9 4 vehicle to get a full mapping of male displaying sites (exceptionally, a few areas with hard tracks were surveyed on foot). Surveys were carried out during the first three and a half hours after sunrise, stopping every 500 meters and/or at the top of the hills to search with binoculars or spotting scope. The final little bustard male dataset consists of 179 sampling sites: 93 territorial male displaying sites (sites where males were recorded in displaying behaviour) and 86 random sites (absence data). Male displaying sites are mostly easy to locate in the field. These are frequently one-meter radius circles with depleted vegetation due to trampling where faeces and feathers can also be easily found. Displaying sites are expected to be a good indicator of grassland use since their location was mostly coincident in the two surveys performed during the month of May. The spatial arrangement of random sites was generated automatically in GIS software (ArcMap). In this procedure, the minimum distance between a random site and the adjacent random/displaying site was set to 200 m in order to minimize potential problems of spatial autocorrelation. The number of random points defined was similar to the number of males observed during the first visit of May. Spatial distribution of females was assessed using a methodology similar to that adopted by Wolff et al. (2002) . Fields were sampled by means of foot surveys walked by 2-3 observers distancing 50 m from each other, searching regularly for walking or flushed females. The difference in the surface covered between years was related with logistic constraints, notably the existence of aggressive cattle in some fields but mostly related with the number of collaborators available for the sampling of fields each year. Since the number of females was expected to be low, to improve chances of detecting females we only sampled fields distancing less than 700 m from the nearest male displaying site. Sexual differentiation between female and juvenile male was made by experienced surveyors, taking into account bird morphological traits and behaviour (see Jiguet and Wolff 2000) . Flushed females were carefully controlled in order to minimize potential double counts. Surveys were carried out during the first 3-4 h after sunrise and 2-3 h before sunset. The female data set comprises 115 sampling sites: 52 female sites and 63 random sites. The location of females obtained in foot surveys is also likely to be a good indicator of grassland use, due to short mobility of females during incubation and early chick rearing period, as supported by radiotracked females (Faria, unp. data) . The spatial arrangement of random sites was generated automatically in GIS software (ArcMap). In this procedure, the minimum distance between a random site and the adjacent random/female site was set to 200 m in order to minimize potential problems of spatial correlation. The criteria to define the number of random sites sampled was the number of females expected, based on the total number of males in the surveyed fields and the number of fields that we could actually sample. A ratio 1:1 was expected between males and females.
The information on plant composition was obtained each year from four sampling replicates arranged around the sampling site (10 m distant) according to the four main cardinal points. Here, the presence/absence of each plant species and a clover (Trifolium spp.) cover estimate were obtained within a square of 50 9 50 cm (Sutherland 1996) . The estimative of clover cover was taken because of its potential importance for little bustards (see for instance Salamolard and Moreau 1999) . From this data we calculated the species richness and an abundance index for each plant species ranging from 0 to 4, related to the occurrence of each plant species at the four sampling replicates.
Insect sampling was carried out using a 45 cm diameter sweeping net (Sutherland 1996) . Insect sampling was made by sweeping the ground vegetation along two replicates of 20 m long, crossing the sampling site. In order to provide an accurate sampling of ground dwelling insects, vegetation was swept the closest possible to the ground by dragging the sweeping net. In spite of this method could not be the best one for sampling arthropods living underground, we preferred it to pitfall traps because (1) it requires a less intensive field effort to collect data; (2) pitfall traps are easily damaged by cattle trampling and (3) pitfall traps are referred as quite inefficient for sampling Orthoptera in dense swards (see for instance, Schirmel et al. 2010) , which together with Coleoptera are described as the major groups in the diet of the little bustard (Jiguet 2002 ). In the laboratory, arthropods were mostly classified to order level, but Coleoptera, Orthoptera, Hemiptera and Hymenoptera were classified to family level, following the taxonomic classification of Bisby et al. (2007) .
Data analyses
Statistical analyses were accomplished in three steps. First, we used univariate analysis of variance (ANOVA) to identify plant and arthropod variables that were significantly related with both male and female occurrence sites. Rare plant species (i.e. occurring in less than 10 sampling sites) were excluded from the analyses. Arthropod variables included each taxon abundance and the total abundance of arthropods. Insect abundance and floristic richness were log-transformed to normalize data and minimize the influence of extreme values.
Secondly, a principal component analysis (PCA) was used to search for different typologies of association between the variables presenting significant results in ANOVA analysis. Both random and presence sites were used when implementing this approach. We preferred this option instead using all variables in the PCA because we found a strong variation in data. This strong variation is justified by the larger number of vegetation communities and ecotypes present at sampling sites, which makes PCA components hardly interpretable.
Finally, aiming to obtain explanative models linking little bustard sites, arthropod and plant composition variables, generalized linear models (GLM, McCullagh and Nelder 1989) were computed using the presence/absence of little bustard as dependent variable and PCA components as explanatory variables (i.e. the scores of each principal component).
Only components with eigenvalues over one entered the GLM modelling procedure (Zuur et al. 2007) . A binomial error and a logit link-function were assumed for GLMs. Saturated models were previously inspected for overdispersion then, a model averaging procedure on all possible R models was performed following Burnham and Anderson (2002) . Therefore, we obtained Akaike's information criterion corrected for small sample size (AIC c ), and in order to compare models we calculated Akaike weights as follows:
where
Model averaging was performed using a 95 % confidence set of Akaike weights, thus obtaining the selection probability of each variable. As highlighted by Burnham and Anderson (2002) a problem in estimating Akaike weights for individual variables is that poor predictors are not expected to have selection probabilities close to zero. To overcome this, we followed the same approach defined by Whittingham et al. (2005) which consists in adding a single randomly generated predictor that was uncorrelated with the response variable to the existing data set of real variables. The selection probability for the randomly derived predictor (null mean and null interval) was obtained by performing 100 simulations. We tested the residuals of GLM averaged models for spatial autocorrelation through Moran's I statistic (Cliff and Ord 1981) . We did this because little bustard distribution (notably the distribution of males) and plant distribution can potentially present a spatially aggregated pattern, conducting to eventual problems of spatial autocorrelation (see for instance Fleishman and Nally 2006) . Plant distribution in particular, depend on soil properties and water availability, which are not randomly distributed and can be quite different between the grassland patches of our study area (west patches are frequently more humid and present better soils). If significant autocorrelation values were found in the residuals of averaged models, we dropped GLM modelling and repeated model averaging procedure, using generalized linear mixed models (GLMM, Bolker et al. 2009 ) entering as random factor a variable representing the six grassland patches where the surveys were conducted.
The fit of models was evaluated using the Area under the curve (AUC) generated by the Receiver Operating Characteristic (ROC; Pearce and Ferrier 2000) . AUC values over 0.80 indicate good model performance (Fielding and Bell 1997) . All calculations were performed using R for Windows (R Development Core Team 2007).
Results
Floristic abundance and richness
Plant taxonomic composition of sampling sites included 224 species from 42 plant families. Representative taxa included 81 species in the male dataset (17 families) and 63 species in the female dataset (15 families).
Univariate ANOVA analyses indicate that both male and female occurrence sites are located in sites with high floristic richness (Table 1) . Fabaceae species are those presenting the most significant values in male dataset, notably Trifolium striatum, Ornithopus compressus and Trifolium cherleri. Gramineae species were also well represented in male territories, particularly Taeniatherum caputmedusae and Cynodon dactylon. Conversely, species such as Avena sativa, Dactylis glomerata and Vulpia bromoides were negatively associated with male territories.
Fabaceae were clearly dominant in female sites. From the eight species presenting significant results in the ANOVA analyses, five were from Fabaceae, namely Medicago Table 1 Comparison of mean plant species abundance, clover cover and floristic richness at breeding female, territorial male and random sites Arthropod abundance A total of 38,185 arthropods were captured. The dominant taxa were Hemiptera (42 %), Orthoptera (17 %), Diptera (14 %) and Coleoptera (13 %). Abundance of Acrididae and Formicidae (i.e. the number of individuals) was significantly higher both at male and female sites, than at random sites ( Table 2 ). The abundance of Tettigonidae was also higher at male sites but not at female sites. Conversely, total abundance of arthropod was higher at female sites than at random sites, but not at male sites. Additionally, female sites present significantly higher abundances of Coleoptera than random sites, namely Cleridae, Curculionidae, Chrysomelidae, Oedemeridae and Malachiidae.
Concerning Hemiptera group, Reduviidae abundance was found to be higher at female than at random sites. Conversely, Lygaeidae and Delphacidae presented significantly lower abundances at male than at random sites. Arachnida, Lepidoptera and Diptera did not presented any type of association with little bustard sites. A comparison of ANOVA significant results between male and female sets is shown in Table 2 .
Linking plant, arthropod and the little bustard
The number of variables entering PCA analysis was 22 in the male dataset (see statistical procedures for details on variable selection). Seven components with eigenvalues greater than one were obtained, representing 59.18 % of the total variance explained ( Table 3) . As expected, our first attempt to model male response to vegetation/arthropod typologies using GLM returned significant levels of autocorrelation in the residuals of the averaged model. The use of GLMM using the grassland patch as a random factor allowed us to overcome this problem. The averaged male model obtained by means of this GLMM approach was identical to the autocorrelated GLM model, although spatial autocorrelation was no longer found in the residuals (Moran I statistic = 0.034, p value = 0.363, n.s.). According to this model, components 1, 3, 4 and 6 were those presenting higher selection probabilities (Table 4) . The remaining components showed low to moderate selection probabilities. The averaged GLMM model shows a good accuracy presenting an AUC of 0.846. Moreover, all models with DAIC B 4 units presented an AUC above 0.84, which also indicates a god fit for the modelling approach. PCA components 1 and 4 present the highest selection probabilities in the averaged model (Table 4 ). According to component 1, male territories are positively related with floristic species richness and with Trifolium species (T. cherleri, T. glomeratum, T. striatum) and Carlina racemosa abundances, but also with Acrididae and Tettigonidae abundances. Conversely, male territories are negatively associated with A. sativa abundance, typical of cereal crops and improved pastures for mowing. Component 4 is negatively linked with male displaying sites contrasting locations with high abundance of dense/tall Gramineae vegetation of Phalaris aquatica, D. glomerata and V. bromoides, where insects of families Lygaeidae and Tettigonidae are also abundant and sites with low abundances of C. dactylon, Chamaemelum fuscatum, Juncus capitatus. These three species are often associated with wet depressions in which water is retained in the soil for longer than elsewhere. Component 3 is negatively linked with males displaying Table 2 Comparison of mean arthropod family abundance and total arthropod abundance at breeding female, territorial male and random sites Female dataset The number of variables entering de PCA analysis was 18 in the female dataset. Six components with eigenvalues greater than one were obtained, which represented 64.80 % of total variance explained ( Table 5) . The averaged female model obtained by means of GLM modelling on these six components, revealed no autocorrelation in the residuals (Moran I statistic = 0.028; p value = 0.50, n.s.). According to this model, components 1, 2, 4 were those presenting higher selection probabilities (Table 6 ). The remaining components obtained low to moderate selection probabilities. The averaged GLM model shows The table shows the variables (principal components) included in each model, the AICc, DAICc, Akaike weights, the model selection probability and the regression coefficient values (b) along with standard error (SE). The AUC statistic reflects the model fit for each model and for the averaged model (returned from averaged coefficient values). The models shown represent DAICc \ 4. The null interval represents the selection probability for a randomly derived predictor (see text for details) a good accuracy presenting an AUC of 0.803. Moreover, all models with DAIC B 2 units present an AUC above 0.80, which also indicates a god fit for the modelling approach. Component 1 is by far the most important for breeding females enhancing the importance of floristic species richness, total arthropod abundance and several Families of Coleoptera (see Table 4 ). Plant species with high correlation values were O. compressus, G. fragilis and R. bucephalophorus. Component 2 is mostly related with Fabaceae species (Trifolium spp. and S. vermiculatus) and with Coleoptera of Oedemeridae and Malachiidae Families. Component 4 relates mostly to locations with high abundance on Acrididae and Formicidae, and with low abundances of Coleoptera; plant composition relates mainly to A. barbata, S. vermiculatus and M. polymorpha.
Discussion
This work highlights the complementary role of plant and arthropod composition and abundance in breeding little bustard microhabitat selection in Iberian pasture dominated areas agricultural landscapes. Higher floristic richness and Fabaceae abundance are likely to enable higher abundance of arthropod, in particular Coleoptera and Orthoptera which are known to be essential for the species breeding performance . Both for males and females, the first PCA component seems to define the optimal interaction between plant and arthropod. The remaining PCA components identified in the averaged models seem to reflect ''alternative habitats'', whose use by little bustards may be related not only with the experience and social status of each individual, but also with the availability of fields with high plant and arthropod richness and abundance. For territorial males, the existence of sites with high abundance of O. compressus seems to be an interesting alternative to highly diverse sites (see the loadings of components 3, 4 and 6 for this species in Table 3 ). For breeding females these alternatives are exclusively sites dominated by Fabacea species. Nonetheless, it should be noted that under adequate field management most of these vegetation typologies may coexist, both within male territories and within chick rearing areas. In some cases, the presence of females in these alternative habitats may be explained by some loss of pasture quality throughout the breeding season resulting from changes on grazing pressure once females established to nest and therefore can hardly move (contrarily to males) to another field during the incubation and in the first days after hatching. Based on the typologies which obtained higher selection probabilities in model averaging procedure, plant composition differs considerably from male to female sites, reflecting contrasting behaviours and consequently different breeding requirements. This finding is consistent with the results on sexual segregation based on vegetation structure shown by Morales et al. (2008) . The prevalence of Fabaceae species (i.e. the ratio between the number of Fabaceae species and the number of species of other plant families) in female typologies with higher selection probabilities seems to be higher than the prevalence of Fabaceae species in male typologies. On the other hand, male sites are related with a higher variety of plant species, notably of Asteraceae. Also, little bustards seem to actively search sites abundant in some particular clover species, some of them showing relatively low prevalence in pastures (Table 3 ). This active search pattern gains further evidence if we consider that non-significant results were obtained for clover cover, both at male and female sites. The importance of legume crops for steppe-birds has been described in several studies Lane et al. 1999; Ursúa et al. 2005) . For the little bustard in particular, the availability of alfalfa (Medicago sativa) fields in cultivated areas was pointed as one of major factors influencing the breeding ecology of the species (Bretagnolle et al. 2011; Jiguet et al. 2002; Salamolard and Moreau 1999) . It should be noted that an important number of Fabaceae species identified at female sites are characteristic of productive grassland habitats which are also protected under the European Habitat Directive (*Pseudo-steppe with grasses and annuals of Thero-Brachypodietea-6220, subtype 2, Poetalia bulbosae; San Miguel 2008). These communities seem to be fragmented and in poor state of preservation in our study area but could act as an important food resource for arthropods. Further research is needed on this subject.
Arthropods seem to be more important for females than for males, which is an expected result since males do not take part in chick-rearing. Nonetheless and contrasting with Jiguet et al. (2002) , potential resource defence by males is supported based on the abundance of Acrididae and Formicidae at the selected sites (see also . Furthermore, we cannot exclude that high total arthropod abundance or vegetation composition similar to that of female sites could also be found at locations distant to displaying sites but still inside male territories, since: (1) arthropod and vegetation communities can vary strongly within fields; and (2) female sites are relatively close to male displaying sites (mean distance = 246 ± 148 m). Wolff et al. (2002) already highlighted the importance of ''improved pastures'' for the Little bustard in southeast France. However, functional mechanisms on the basis of this relationship were not fully described in that study. The findings of our study point out that plant composition may be in the basis of the preference for a given type of improved pasture, by ensuring higher arthropod abundance. The experimental work of Koricheva et al. (2000) pointed in the same direction, highlighting the importance of plant species composition and the presence of legumes in plant mixtures for the manipulation of arthropod abundance. We should note that in practice, some of the plant species identified in this study are already used in our study area in seed mixtures for pasture improvement (Olea 1991; Salgueiro 2002) . Some of these species are of great interest for the little bustard, particularly T. subterraneum, O. compressus and M. polymorpha, while others do not seem interesting at all (i.e. D. glomerata, A. sativa or P. aquatica). Therefore, the species composition of pastures used by little bustards (and other steppe birds) may potentially become a relevant element of their management. The information on plant species composition requirements at breeding sites can complement the existing information based on vegetation structure (see for instance, Morales et al. 2008; Silva et al. 2001) , allowing to go further in identifying the most favourable seed mixtures for pasture improvement, thereby increasing arthropod availability, which is a key factor to improve the breeding success of little bustards and other threatened steppe birds.
